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Plug in electric vehicles (PEV) is the forthcoming transportation technology worldwide 
although uptake in Australia is extremely slow. As uptake increases for PEVs traditional 
refuelling utilising liquid fossil fuels will shift the energy requirements over to electrical 
supply networks. PEV chargers have energy requirements that range from 2kW to 350 kW 
for fast charging, compounding these energy requirements with large fleets of PEVs has the 
potential to cripple electrical networks from overloading. 
Currently the electrical network within Australia is evolving from linear power flow, i.e large 
generators to consumer model, to dynamic networks where typical energy users are 
producing energy via solar installations and power flow is multi-directional. Although 
renewable injection is beneficial in reducing carbon emission, they are producing issues to 
network operators by generating energy fluctuations within electrical networks. One issue is 
the reduction in daytime loads, where generation outweighs demand, which in turn causes 
large ramping rates during peak times. 
This dissertation explores PEV charger technology, internet of things (IoT) connectivity and 
available network data to produce a controller to regulate PEV charging locally at the 
charger. Residential energy usage models were created to compare regulated verses 
unregulated charging scenarios as premade models could not be found. 
Results from testing the Controller against the residential models and real-world data 
showed promising results, with peak load shedding of up to 470% when compared to 
unregulated charging observed. Additional PEV loads were still present during peak times, 
further development and optimisation of the control is required to shift the PEV electrical 
loads to when it is required by the connected electrical network. This paper provides proof 
that an IoT solution to regulating PEV charging locally is possible and has the potential to 
increase efficiencies within electrical networks. 
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“When Henry Ford made cheap, reliable cars, people said, 'Nah, what's wrong with a horse?' 
That was a huge bet he made, and it worked.” Elon Musk 
 
 
1.1 Outline of the study 
 
The need for the project was identified from problems currently experienced from the 
Queensland electrical network where supply can exceed demand during certain periods. 
Renewable injection is causing an oversupply in the grid causing voltage fluctuations and 
plunging wholesale pricing into negative territory during daytime periods coinciding with peak 
Photovoltaic (PV) generation. To mitigate the current problem, it has been identified that sink 
devices are required on the network such as batteries to absorb excessive supply and stabilise 
the network. This dissertation will investigate the effects of PEV charging on the Queensland 





PEVs around the globe are starting to gain traction within the automotive industry which will 
coincide with a huge energy shift to the electrical grid. This additional supply demands of EV’s 
have the potential to cripple an electrical network where the charging of PEVs are 
unregulated. PEVs have large energy storage capacity of up to 100kWh each, multiplying this 
by road users there is a potential to create gigawatt charging requirements across the 
electrical network. Where managed correctly the charging of PEVs have the potential to 
provide a large dynamic load on the electrical network when needed. Given the infancy of 
PEV technology it is expected the load potential of EVs to increase over time. The 
infrastructure cost of PEVs as load devices on electrical network is provided by the road users 
and costly network load smoothing projects such as battery storage and hydrogen generators 
could be minimised or avoided. 
IoT technology is developing rapidly and the number of internet connected devices is ever 
expanding, especially within the energy sector. The ability to gather real time data of network 
facilities has opened the pathway for greater control over the network’s stability and has the 
potential to increase efficiencies of electrical network assets where correctly managed. IoT 
technologies are cost effective and can be deployed locally at electrical network devices 
where an internet connection is available. Large scale computing power to control multiple 
devices across a network could soon be replaced with IoT controllers installed locally and 
interlinked via an internet connection. 
Linking PEV chargers with IoT controller could provide a cost-effective solution to the current 
problems faced by electrical network operators. PEV users would absorb the cost of battery 
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infrastructure costs while the network operators utilise the assets to stabilise the electrical 
network via regulated charging. 
 
 
1.3 The Problem 
 
It is first required to determine how supply/demand issues caused by renewables injection 
into Queensland electrical networks can be mitigated by PEV chargers. A literature review will 
be conducted to define the energy network’s problem and determine how IoT technologies 
coupled with PEV charger functionality can be utilised as a solution. 
The second problem is to develop a suitable IoT controller that can be easily programmed for 
different scenarios to control a PEV charger with a range of data sources. Simulation testing 
will be conducted with simulated models of connected PEV charging outlets and the effects 
on the network reviewed. The controller will be tweaked where needed before proceeding 
with real world testing. 
 
 
1.4 Research Objectives 
 
The objectives from the research is to look into the current state of the Australian electrical 
network to identify the current key network issues, what is currently being done to rectify the 
issue and how the problem can be mitigated or rectified with PEV chargers. 
The functionality and effects of PEV chargers on electrical networks will be researched to 
determine the limitations and uses of the equipment for providing mitigations to the current 
electrical network problems faced. IoT technology applications for producing a controller will 





This dissertation aims to design a PEV charger controller based on IoT technologies to improve 
electrical network operation from large scale PEV uptake. The research is expected to 
highlight key problems currently associated with the Queensland electrical network, what is 
currently being done and identify what needs to be done to mitigate the issue. The research 
will also investigate IoT technologies to gain an understanding on how multiple different data 
metrics associated with the Queensland electrical network can be collated and coupled into 
a controller for PEV chargers. Simulation and real-world testing of the PEV charger controller 
will be conducted to determine if the current Queensland electrical network problems can be 
mitigated or eliminated by PEV uptake. 
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2 Literature Review 
 
Section 2 of this dissertation provides details on the current state of Australia’s electricity 
network with a detailed look into Queensland’s current electrical network issues. The 
literature review also looks at PEV chargers and their functionality in order to control the load 
connected to the network. IoT technologies are also investigated to gain an insight of its 
architecture, communications, software and controllers to better understand how to 
maximise the technology’s application to the project. 
 
 
2.1 National Electricity Market 
 
2.1.1 Current State of Australia’s Electricity Network 
 
The electricity network in Australia is controlled by the Australian Energy Market Operator 
(AEMO). The eastern section of Australia’s electricity network is referred to as the National 
Electricity Market (NEM). The NEM’s operational electrical demand has been evolving since 
the introduction of renewables as detailed in Figure 2-1, though this represents the SA 
electricity grid similar demands are seen across other Australian states to varying degrees. 
The major driver for this change in energy demand is renewable injection into the grid, 
primarily from solar (AEMO 2018). This change is causing large ramping rates in energy 
demand at peak times, an oversupply of energy during certain periods and is a major cause 
of power quality instabilities in the network (AEMO 2018). 
 
 
Figure 2-1: South Australia’s Electricity Grid Operational Demand, (AEMO 2018) 
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2.1.2 State of Queensland’s Electricity Network 
 
In Queensland the demand change as documented in section 2.1.1 has seen wholesale energy 
prices plunge into negative prices (AEMO 2020) during daylight hours due to renewables 
injection into the network. New solar connections in 2018-2019 have risen to their highest in 
five years given there are no additional incentives in place since 2012 (Energy Queensland 
2019). Twenty Five large scale solar renewables are currently operating in Queensland 
(Energy Queensland 2019) and future large scale solar project are under threat due to the 
wholesale pricing during production hours (Queensland Productivity Commission 2016). The 
Queensland 30-minute spot price for the 1st of September 2019 is detailed in Figure 2-2 and 
provides a snap-shot of the issues regarding Queensland wholesale pricing fluctuations. 
 




Multiple researchers and government bodies are investigating solutions to curb ramping rates 
and smoothing loads. Controlling PEV chargers could provide additional stability to an 
electricity network that provides high efficiencies (49%-79%) (Kieldensen et al. 2016) 
compared to other renewable sink sources such as hydrogen. 
PEV charging load smoothing has seen success in California, where Enel X participates in the 
day-ahead (30MW) and real-time (70MWh) wholesale market through dynamic management 
of 6000 PEV chargers (AEMC 2020). 
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2.2 Plug In Electric Vehicles 
 
2.2.1 PEVs in Australia 
 
Sales of PEVs for 2015-2017 are detailed in Figure 2-3, and currently constitutes less than 0.1% 
of all vehicle sales in Australia (Federal Chamber of Automotive Industries 2018). The 
(Queensland Government 2019) has set a 50% renewable energy generation target by 2030 
and part of their plan is based on large scale PEV uptake. CleanCo, a government entity, has 
been setup to introduce 400MW of renewable energy and storage projects in Queensland. 
Part of the government’s goal is to further increase the adaptability of PEV charging by 
renewable sources (CleanCo Queensland 2019). PEVs produce as low as 6 gCO2/km where 
coupled with renewable energy sources (Hilson 2018) compared to an average of 182 








While there is a large potential for PEV car uptake in Australia, various Australian government 
bodies have produced PEV uptake predictions as shown in Figure 2-4 without success. It is 
believed the uptake in Australia may be due to the lack of incentives (Energeia 2018). Other 
nations around the world are driving the move from fossil fuels and have introduced policies 
to ramp the uptake of PEVs. Proposed UK legislation for PV charging is currently being 
debated and is part of the UK governments “Road to Zero” strategy (UK Government 2019). 
The (UK Government 2019) proposed policies will see PEV charger requiring mandatory 









It is predicted that Australia will require over 28,000 DC Fast Charger (DCFC) by 2040 (Energeia 
2018) to ensure that customers of PEVs have adequate charging capabilities that are on par 
with current fossil fuel filling arrangements. According to (PlugShare 2019), there are 
currently approximately 300 charging locations (planned and in use as of October 2020) 
across Queensland, with approximately 230 PEV chargers located in the southeast 
Queensland region. 
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2.2.2 PEV Network Requirements 
 
Currently PEV chargers are rated to 3 levels as detailed in Figure 2-5. To compare the outputs 
of the PEV chargers a typical family will use on average 25.7 kWh per day (Australian 
Government 2019b). As detailed by (Hilson 2018) a level 1 charger running overnight for 8 
hours will provide 80km range for a PEV and require 19.2kWh of electricity, effectively 
increasing a typical household’s energy requirements by 42%. A large number of a PEV 
charger manufacturers in Australia provide 7.5kW residential chargers which triples the 
energy demands in comparison to a of a level 1 charger. 
 




2.2.3 Effect of PEVs on Electricity Networks 
 
Based on studies conducted on the SA electricity supply network grid and current PEV uptake 
rates it was predicted that there would be no significant implications during the next 
regulatory period between 2019-2025 from PEVs (Hilson 2018). Figure 2-6 provides details on 
network capacities and estimates network utilisation from PEV charger operation. 
 
 
Figure 2-6: Network Capacity requirements of various clusters of PEVs charging concurrently (Hilson 2018) 
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Adequate demand management of PEV chargers will be crucial to eliminating network 
demand hotspots, it is foreseen that to enable effective management techniques registration 
of PEV chargers will aid in this process(Hilson 2018). AEMO from the 1st of December 2019 
has been enforcing registration of distributed energy resources (DER) which includes (AEMO 
2019): 
 Rooftop solar photovoltaic (PV) units 
 Wind generation 
 Hot water systems, pool pumps and air conditioners 
 Smart appliances and smart meters 
At this stage it is unknown if PEV chargers in future will be added to the DER. Multiple studies 
conducted on PEVs conclude that creating a strong industry incentive to implement PEV 
charging management solutions will enable efficient and effective network utilisation 
(Energeia 2018; Hilson 2018). 
By effectively utilising renewable energy sources injected into the grid, PEVs can be a highly 
efficient (49%-77% (Kieldensen et al. 2016)) energy storage system to overcome power 
fluctuations from mismatches between supply and demand synonymous with renewable 
injection (Aliasghari et al. 2018). 
 
 
2.2.4 PEV Charger Network Connection Requirements for Queensland 
 
Connections to the NEM distribution network in Queensland is governed by the Queensland 
Electricity Connection Manual (Ergon & Energex 2018). The Manual covers both Energex and 
Ergon networks which form part of the Energy Queensland Group. An extract of the Manual 
relating to the EV chargers is detailed in Figure 2-7. 
 
 
Figure 2-7: Queensland Electricity Connection Manual section 4.2.5 extract (Ergon & Energex 2018) 
Battery capacity of PEVs has dramatically increased and EV charger outputs have followed 
suit. Residential single-phase chargers are now commonly level 2 chargers and greater than 
the 4.8kW (20A) single phase connection limit imposed by the distributors, usually 7.5kW 
(32A). These larger PEV chargers do not meet the above requirement without written 
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approval, Energex was contacted to determine the requirements for approval. A response 
was not received. 
 
 
2.2.5 Existing Grid Connected Equipment Controllers 
 
AS/NZS 4755 relates to consumer product requirements for demand response control to 
enable network operators measures to maintain the reliability of the network during high 
demand events. AS/NZS4755.3.4: Operational instructions and connections for grid- 
connected charge/discharge controllers for electric vehicles was drafted in 2013 and later 
cancelled for unknown reasons. As such there is currently no mandated standard in Australia 
for manufacturers of PEV chargers to provide demand response facilities. 
AGL is running a pilot program for demand response (DR) which included EV chargers with 
funding for the project provided by ARENA. The key finding by (AGL 2018) relating to PEV 
charging were: 
 EV home charging is a significant load on the network with the potential to be deferred 
to off peak times 
 EV owners are willing to try to reduce their charging impacts 
 Deferring charging until after demand response has the potential to create larger 
peaks than the initial trigger peak 
The above highlights the fact that PEV controlled charging is essential to minimise EV charger 
impacts on network infrastructure. The pilot is current ongoing (AGL 2018). 
There are a range of smart chargers available in the current market, including Virta, Enervalis 
and EVBox. All can control a number of electrical data metrics along with payment control. 
These products are developed for overseas markets and no documentation could be found to 
determine if the smart chargers are developed in conjunction with network distributors. The 
MyEnergi Zappi is a dedicated charger that connects to one data metric (energy meter) and 
is able to dynamically control the charger load in conjunction with excess PV generation. 
Figure 2-8 shows the comparison from uncontrolled loading and controlled loading with 
vehicle to grid (V2G) capabilities modelled by (Erden et al. 2018) from real world usage data 
in Ankara, Turkey. The approach utilised by (Erden et al. 2018) requires centralised computer 
monitoring which can require large capital expenditure and maintenance costs to implement. 







Figure 2-8: Modelled power requirements for a simulated distribution transformer with 10% PEV penetration, uncontrolled 




2.3 PEV Charging 
 
2.3.1 PEV Charger Details 
 
PEV chargers range in size from 3.7 kW domestic applications to 350 kW commercial fast 
charging applications from multiple manufacturers (ABB 2020; Siemens 2020; Tesla 2020). 
Figure 2-9 details the current worldwide standards for PEV chargers, currently there is no 
universal standard for manufacturers to follow (Energeia 2018). Emerging markets in China 
and Japan are moving away from current European standards which are also utilised in the 
US (Energeia 2018). AS 62196.2:2014 is an adaption of the IEC standard and endorses both 
EU and US connector standards (Queensland Government 2018). Cars sold in Australia have 
not been standardised with common charging connections and the (Queensland Government 
2018) is working towards bringing manufacturers and the standards into alignment to ensure 
all PEVs can charge across different infrastructure within Austrlia. At the moment European 
standard type CCS Combo 2 Type 2 appears to be most suited to Australian electrical network 
(Queensland Government 2018). 
 
Figure 2-9: PEV charging standards (Energeia 2018) 
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This dissertation will focus on the Open Charge Point Protocol (OCPP ), an open source 
protocol which is utilised by a large section of the industry in order to standardise vehicle to 
charger communications (Open Charge Alliance 2020a). Other protocols utilised by PEV 
chargers such as that developed by (Tesla 2020) are not open source and, required significant 




2.3.2 Open Charge Point Protocol (OCPP) 
 
OCPP is an open source standard in vehicle to charger communication developed by Open 
Charge Alliance (Open Charge Alliance 2020b) in 2009 to implement a standardised vehicle 
communication initially for secure payment schemes. (Open Charge Alliance 2020b) is a not 
for profit organisation first started by ElaadNL in the Netherlands before migrating into its 
current name. 
The (Open Charge Alliance 2020b) has grown the OCPP to accommodate additional 
functionality required for the rapidly changing PEV charging, from OCPP 1.6 smart charging 
functionality was implemented in the protocol where dynamic output power adjustment of 
the EV charger is possible. OCPP 2.0.1 is the latest version of the protocol and is based on 
JSON, which provides a range of advanced smart charging and device management (EV 
charger) functionality (Open Charge Alliance 2020c). 
Typically OCPP is utilised to communicate with a central system (Pruthvi et al. 2019), as 
discussed previously centralised computer systems for large scale PEV control will require 
large capital resources (Erden et al. 2018). This project will focus on the adaptation of OCPP 




2.3.3 Smart Charging Schemes 
 
There are numerous PEV load management approaches that have been developed and 
researched with centralised and decentralised being the main categories (Ovalle 2018). These 
approaches have explored a range of different theories, Sequential Quadratic programming 
(SQP), Dynamic programming (DP), Game Theory (GT), Fuzzy-Boolean logic rules, Genetic 
Algorithms and many more (Ovalle 2018). This dissertation will utilise research by others in 
load management techniques for use in the developed controller. 
The below details the selected load management algorithm deemed best fit for the developed 
PEV controller, considerations include, available data to be feed into the controller, controller 
limitations, PEV charger limitation, user disruption, practicality for large scale adaption and 
complexity for proof of concept adaptation. Note that the selected control strategies detailed 
in the below sections will be developed upon to meet the project’s controller requirements. 
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2.3.4 Efficiency-Aware Variable-Rate Spread-Energy for PEV Charging 
 
(Amoroso & Cappuccino 2012) have developed an ad hoc charging system interacting in real- 
time with PEVs connected to the energy grid. The control strategy by (Amoroso & Cappuccino 
2012) looks at varying the PEV charger output to align with grid capabilities, simulation results 
provided an average satisfaction degree of 77.3% and is detailed in Equation 2-1. Charging 
efficiency rates of Li-ion cells as detailed in Figure 2-10 are factored into Equation 2-1 to 
ensure losses are accounted for within the charging system. Minimum and maximum charging 
rates based on connected PEV battery and available grid power are compared to the 
calculated rate and update for selected time-periods. 
CR(t) = Er(t)     1 
Tr(t) ηCR(t)  
 
CR(t) = required charging rate 
Er(t) = Energy required to complete charge at time 
Tr(t) = time still available 
η = efficiency of charging rate 





Figure 2-10: Experimental charging efficiency rates for Li-ion cells (Amoroso & Cappuccino 2012) 
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2.3.5 Predictive Controllers 
 
Works in the field of predictive based control systems has been completed by multiple 
researchers (Jin et al. 2010; Hains 2018). These systems eliminate reactive and rule based 
systems that contain limitation for efficiency (Hains 2018), instead the control strategy 
predicts the energy requirements of the user and connected energy grid in real-time. 
Predictive control strategies are effective for making bids on the NEM and for electricity 
network operators to predict load requirement across the network (Hains 2018). It has 
therefore been deemed not practical for localised PEV controllers to utilise predictive control 
strategies due to centralised controller requirements, instead accepting parameters from 
NEM bidders or operators would be better suited, this can be incorporated in future works. 
 
 
2.4 Internet of Things (IoT) 
 
IoT technologies has evolved from previous machine-to-machine communications where the 
physical and data link layers have transitioned from a private data collection networks to 
internet type connections (Adryan 2017). IoT platforms enables multiple systems, down to 
individual sensor levels to interact directly with each other over a common platform (Adryan 
2017) enabling efficient data gathering, analysis and utilisation. IoT networks are developed 
to connect specific devices to form purpose-specific systems (Serpanos & Wolf 2018). 
Industrial Internet of Things ((I)IoT) is targeting to bring IoT technologies into industrial 
applications with the goal to provide efficient, low-cost production with flexible workflows by 
implementing intelligence into the industrial system (Serpanos & Wolf 2018). (Serpanos & 
Wolf 2018) describes the benefits of (I)IoT as researching and developing additional features 
for IoT systems such as advanced security measures, ad hoc networking and self-charging 





The components of IoT architectures are usually low specification sensors in the form of 8- or 
16- bit core processors with minimal memory capabilities (Adryan 2017). This is due to low 
power consumption requirements for remote sensors (Gravina et al. 2018). Data is 
transferred from the sensor via common ethernet protocols or proprietary systems to TCP/IP 
hubs for uploading to an online data platform , otherwise referred to as the “cloud”(Adryan 
2017). IoT systems can utilise various network topographies, mesh, network, local, direct or 
combine a range of topographies which makes it a diverse technology for data requisition, 








IoT devices can communicate via a range of physical layers being wireless, wired (fibre, coax, 
etc) (Hossain et al. 2018)and within a range of network configurations (Gravina et al. 
2018)making it extremely versatile. The datalink of IoT devices can be short range 
technologies such as Bluetooth, Wi-Fi and Zigbee or via long range systems such as RF, cellular 
networks, etc (Gravina et al. 2018) dependant on the application requirements. 
IoT communications then move into protocols such as TCP/IP to transfer data within existing 
infrastructure such as the internet to transfer data into data storage system or cloud services 
(Serpanos & Wolf 2018). There are also a range of IoT-oriented protocols specifically 
developed to increase the efficiency and data transfer rates for IoT devices such as Google 
Cloud Pub/Sub, Amazon Web Services (AWS) IoT and Microsoft Azure (Serpanos & Wolf 
2018).Data analysis can be completed by either cloud based services or a local devices 





There are a range of programming tools available for IoT platforms such as Zetta, Arduino, 
Node-RED and Flutter. Node-RED will be utilised for the project, (Node-RED) describes it as 
low-code programming for event driven applications. It provides a browser-based editor that 
allows the user to link together nodes which can represent application programming 
interfaces (APIs), hardware devices, online services and a range of other services easily and 
efficiently (Node-RED). 
Node-RED has a large community and many OCPP nodes have been developed for use which 
will greatly reduce the programming requirements for the project. Node-Red can easily 
interact with information contained within the internet such as AMEO data, premises energy 
meter data from open energy data sources such as PVoutput.org and/or custom nodes can 
be created to extract and manipulate data to the needs of the project. Node-Red can run on 
a range of hardware from personal computers to cloud based serves to low power devices 
such as raspberry pi’s making it extremely versatile (Node-RED). A group of interconnected 
nodes within the Node-Red programming platform is referred to as a “flow”. 
2.5 Conclusion 
 
This literature reviews provided a brief overview of the current electricity market state and 
the predicted uptake for PEVs in Australia. It is expected PEVs will have a large effect on the 
electricity network which is already under strain during certain periods of the day based on 
PEV energy requirements. Utilising current IoT technologies and control system strategies to 
provide regulated PEV charging could potentially curb or reverse the effects PEVs are 






In order to keep the project to a manageable size and due to time restrictions, the following 
has been excluded from the project: 
 V2G capabilities will not be explored within the dissertation due to electrical network 
restrictions, lack of research into the application and current standards/policies are 
not in place within the AEMO network 
 The development of the controller is restricted to OCPP version 1.6+ chargers, other 
chargers such as Tesla, etc run on multiple different protocols which are not open 
source. 
 This dissertation will not incorporate battery efficient charging schemes. Although 
research was conducted regarding battery charging schemes the field is expansive and 
non-conclusive in terms of the best charging rates for maximising efficiencies of 
chargers vs battery life of vehicles. 
 Due to large differences between commercial premises, energy usage models for 
commercial premises with PEV charging stations have been omitted from this 
dissertation. 
 Security aspects for the development of the controller have not been considered for 
this project 
 
3.2 Data Gathering 
 
3.2.1 Real World PEV Charging Data 
 
Real world residential PEV charging data was obtain from a number of members of electric 
car associates in South East Queensland as was provided in the form of opensource energy 
tracking web site such as (PV Output 2020). The PEV users who provided the data were mainly 
enthusiasts with sophisticated charging equipment to maximise their charging efficiencies 
from renewable sources. The collated real-world data did not represent average Australian 
car users when compared to (Australian Bureau of Statistics 2018) information and therefore 
the data was omitted. 
Commercial charging data was also obtained, PEV charges located on the site represented a 
fraction of the site usage. Additional hurdles with integrating infrastructure installed by 3rd 
parties provided restrictions and would of required significant time and resources to 
implement. (Chargefox) was contacted to determine if dynamic pricing is possible within their 
system, ie. where excess solar is available free charging is provided or scaling EV charging 
outputs with pricing. Unfortunately these system are not available within the (Chargefox) 
platform at this stage. Commercial data was therefore omitted from the dissertation. 
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3.2.2 Developing PEV Charging Models 
 
Utilising data from (Australian Government 2019b), (Australian Government 2019a) and 
(Australian Bureau of Statistics 2018), 3 energy models for residential households were 
developed based on light, medium and heavy users. The models correlate statistical data for 
weekly household energy usage with the expected PEV charging energy requirements based 
on current transportation usage models, refer to Table 3-2 for model data sources. To simplify 
the models the following was assumed: 
- Charging will occur daily on a return to base basis and no external charging (away from 
home) will occur 
- Charging will occur with 7.5kW single phase chargers 
- PEV energy usage is calculated as 16.22 kWh/100kms, which is the average of the top 
10 performing PEV currently on the market in Australia as per 13th August, 2020 
(Australian Government 2019a) 
- (CSIRO 2013) electrical usage data based on Brisbane, Queensland household 
constructed to below 4.5 star energy ratings without gas heating, Summer season was 
selected to represent worse-case scenarios 
- A ±15% interpolation of (CSIRO 2013) 1 hour data points was utilised to produce 5 
minute data points 
Table 3-1 details the three developed models of users, section 3.2.2.1 contains the models 
created where PEV charging is unregulated for an example 24 hour period. It is assumed the 
uncontrolled PEV chargers will operate at full rated loads until the PEV is fully charged. Raw 
modelling data is included in Appendix B. 
It has been assumed that residential PEV chargers will be limited to a 7.5 kW single phase 

















































































































































Figure 3-4: 24 Hour Residential Household Energy Usage – Heavy User Model 
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3.3 Controller Function Specification 
 
3.3.1 Control System 
 
The proposed control system was developed to connect a compatible OCPP 1.6+ PEV charger 
with information obtained via TCP/IP connections (internet) from various data sources. The 
control system is intended to perform data analysis on the information obtained to produce 
a charging methodology providing users with additional charging options, such as charging 







3.4.2 Flow Chart 
 
Figure 3-5 provides a simplified flow chart for the project. Additional details of the controller 




Figure 3-5: Simplified PEV charger controller flow chart 
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3.4.3 OCPP Integration 
 
OCPP is intended for use with a central system (Open Charge Alliance 2017), the intention for 
the developed Controller was to mimic a central system and perform PEV charger control 
locally. Messages are sent in JSON format for the protocol, the development platform Node- 
Red for the project has JSON functionality. 
As per the (Open Charge Alliance 2017) documentation the Controller will be required to 
provide specific information to the PEV charger in order to initiate and stop a transaction with 
OCPP, a smart charging example is detailed within Figure 3-6. For testing purposes all 
messages are required to be simulated as a physical PEV and charger was not available for 
the project. 
A range of issues were faced with the implementation of OCPP within the Controller mainly 
due to the requirements for simulations, therefore OCPP was omitted. The Controller coding 











3.4.4 AEMO Data 
 
As detailed in Table 3-3, AEMO data is contained within a ZIP file. The file is obtained from a 
web page that contains a list of hypertext references (HREF) to the ZIP file of the last 24-hour 
period of 5-minute spot prices. The page is updated every 5 minutes, the latest entry is 
appended to the top of the page and the last entry is removed. 
In order to obtain the required data from the AEMO website a range of actions and data 
manipulation was required by the Controller program. A separate Node-Red flow was 
specifically created for the extraction of the AEMO data, a flow chart is provided in Figure 3-
10. A range of data is provided within the CSV file including frequency control ancillary 
services (FCAS), therefore there is additional data that could be included in future 
development of the Controller to improve FCAS. 
To determine a control strategy for throttling the PEV charger output, the AEMO 5-minute 
spot price data was utilised. Due to the dynamic nature of the AEMO pricing and several 
pricing affecting factors (environmental, seasonal, demands, yearly changes, etc) it is difficult 
to ascertain a control strategy without significant research, development and testing. 
A simplified approach was implemented into the Controller utilising linear interpolation 
between specific pricing datapoints. Utilising (AEMO 2020) Queensland annual average price 
as detailed in Figure 3-7 and historical data from the year (a 30 minute daily sample is 
provided in Figure 3-8 for reference), it can be observed the AEMO pricing is maintained 
around $30/MWh, increases/decreases in pricing correlated to an increase/decrease in 
demands whereby pricing was non-linear in comparison. Figure 3-9 details the linear 
interpolation setpoints implemented within the Controller via a linear interpolation node, 
refer to Figure 3-12 for the AMEO QLD 5 minute spot price Node-Red flow which sets the 
global variable “AEMOCr” for later use within the Controller flow. 
Where AEMO data is not available, eg. communications failure, the Controller AEMO charging 
rate will be disabled. Details of the Controller AEMO network-imposed restriction are 
displayed to the user, refer to Figure 3-16. 
 



































































Figure 3-12: AEMO QLD 5 minute spot price linear interpolation within Node-Red 
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3.4.7 Controller Multiple Source Decision Engine 
 
The Controller multiple source decision engine (MSDE) is the main component of the 
Controller code. It receives input data as detailed within Table 3-1, conducts analysis and 
provides the PEV Charger with a set point that will satisfy the network requirements primarily 
and user requirement where possible. This ensures PEV chargers do not overload the 
connected electrical network. 
A flow chart of the MSDE is documented in Figure 3-14, the flow contains two major function 
blocks and their code is provided in Appendix D. The MSDE algorithm has two primary 
functions, determine a maximum charging rate (Crmax) based on the electrical network 
restrictions (demand response and AMEO QLD spot pricing) and determine a charging rate 
based on the user input “next use time” (Creq) utilising Equation 2-1. The MSDE ensure that 
the Creq is within Crmax and Crmin, the output is intended to be sent to the PEV Charger via 
the required protocol. Where a solar system is connected to the Controller the excess solar 
will be additional applied to the charger output. 
User options can be inputted to the MSDE, where “solar only charging” is enabled excess 
exported energy is calculated, where it is between Crmax and Crmin the excess solar rate is 
set as the charging rate and automatically limited where required. Note that this option 
requires a minimum of 1 kW export to operate due to Crmin requirements. The solar only 
option system is designed around the connected solar system having export capabilities, 
where the site contains zero export limitation this solar only option will not operate. 
There are known issues with the excess solar determination approach applied. The system 
will cause large fluctuations in charging outputs due to when the Controller applies the excess 
solar charge and the PEV Charger sinks the excess energy. Where the next code cycle receives 
an input of less than -1 kW from the energy meter, the output of the Controller will be set to 
0 kW. The following code cycle will then see the excess solar and the Controller will apply the 
charging rate accordingly creating a hunting effect within the system. This hunting condition 
can be overcome by removing the energy meter code from the MSDE and integrating a new 
flow that obtains data from the energy meter and feedback from the Controller output to 
correctly analyses the data, possibly via a PID loop. The energy meter data can then be 
correctly feed into the MSDE accounting for the excess solar already utilised by the PEV 
Charger. Unfortunately, this could be correctly implemented in the Controller and requires 
additional work to correct the functionality. 
The “user override” option is intended to set the maximum charging available (Crmax) from 
the electrical network restrictions. This option is intended for scenarios where the user 
requires the car charged in the quickest manner possible. 


















































































Figure 3-15: Controller MSDE Node-Red flow 
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3.4.8 User Interface 
 
A Controller UI was developed to provide users with information on the charging status, 
electrical network details including energy meter readings, user warnings, electrical network 
conditions, settings and options for charging. Node-Red flows are provided in Figure 3-18 and 
Figure 3-19. 
The UI was developed utilising the Node-Red dashboard and integrating outputs from various 
sources within the flow to individual nodes within the dashboard. Figure 3-16 provides a 
screen shot of the UI. The PEV charger gauge is dynamically scaled based on the user setting 
“charger size”. 
User selectable options and the warning utilise dashboard buttons within Node-Red. The user 
warning is active when the variable “Creq” is greater than the charger size, note the user 
warning is disabled when either of the user options are selected. This informs the user by 
activating the warning below the PEV Charge gauge to red and displaying “Warning, PEV Will 
not fully charge before designated next use time”. Refer to Figure 4-1 for a screen shot of the 
UI with the user warning activated. 
The user options required additional coding and buttons had to be utilised instead of switches 
within Node-Red, refer to Figure 3-19. This was due to the limited functionality of switches 
with Node-Red and their inability to change states correctly when it is detected that both user 








Figure 3-17: UI with user override button activated 
 
 








Testing of the developed PEV charger controller will be via computer simulations. As Node- 
red will operate within a Linux environment within the selected Siemens IoT 2020 an Ubuntu 
terminal within the testing computer will be utilised. This will also ensure that any coding 
utilised will be compatible with the selected controller. 
A testing flow will be appended to the output of the Controller MSDE capturing data as 
detailed in Table 3-10 within a CSV file. The data can then be analysed to confirm the correct 
operation of the Controller. As a Linux terminal is utilised to simulate Node-Red all file 
locations within the Windows environment are required to follow Linux file structure 
commands within Node-Red, i.e., /mnt/c/Filesname. 
The controller will not be connected to a PEV charger for testing due to asset restrictions (i.e. 
PEV, charger, etc.) and the dangers involved from unexpected results. Testing will be 
conducted by reading the data from the developed Control system before converting the data 
into the OCPP node. The results from testing are detailed within section 4, analysis of the 
results and conclusion of the project are documented within section 5. 
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3.5.1 Simulating Modelling Data 
 
To expedite testing of the controller it was intended to create a testing flow for the Controller 
that would accepts a CSV file for as an input in place of live data. The test files would hold the 
modelled data from 3.2.2 and contain historical data from Table 3-3, simulated values will be 
utilised where historical data is not available/practical. Unfortunately, CSV file testing 
functionality could not be implemented into the Controller as it proved difficult to strip the 
required data from the CSV file, parse the data to the appropriate inputs and cycle this every 
100ms until the CSV file has reach the end. 
An alternative method was utilised that required each input to be changed manually and the 
output would be recoded within the output CSV as detailed in section 3.5. This severely 




3.5.2 Real World Data 
 
Once the functionality of the Controller had been assessed and confirmed as working as 
intended via simulations, real world testing was conducted. Modelled data from 3.2.2 was 
input into the Controller at real times as detailed in the model data and the output file 
logged for analysis. It is assumed that the PEV requiring charging is fully charged daily. 
Due to loading CSV files as detailed within section 3.5 and issues with energy meter 
integration into the Controller solar based models were not tested. 
 
 
3.5.3 IoT Controller Testing 
 
Testing of the Controller program was conducted on the chosen Siemens IoT 2020 gateway. 
Testing consisted of ensuring the Controller program could operate with the limited computer 
resource of the IoT gateway via a test bench, refer to Figure 3-20. The IP of the controller was 
fixed at 192.168.40.60. Testing was conducted in the same manner as detailed within section 
3.5.1. 
 































































































































Figure 4-4: PEV unregulated vs regulated charging household energy Usage – Heavy User Model 
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4.3 IoT Controller Testing 
 
Testing of selected IoT controller was conducted to ensure the developed code could 
operated with the limited resource within the IoT architecture. Unfortunately, the developed 
Control System and AEMO flow was coded utilising version 1.1.3 of Node-Red and created 
issues when implementing into the IoT controller version 0.20.7. Message topics are handled 
differently in the two version and therefore errors within the flows are apparent. These issues 
are highlighted within Figure 4-5 and Figure 4-6. Additionally, the CSVtoJSON node was not 
compatible with the older version of Node-Red and the AMEO data gathering flow could not 
be tested. 
Attempts were made to update the selected IOT to version 1.1.13 but was unsuccessful. 
Research was conducted to determine the cause of the update issues and determine if this is 

























































Figure 4-6: Siemens SIMATIC IOT 2020 Controller dashboard testing 
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5 Project Conclusion 
 
5.1 Summary of Outcomes 
 
This dissertation set out to investigate PEV effects on the electricity network, review current 
PEV user electricity usage and produce a locally installed IoT solution to overcome the issues 
identified (refer to Appendix A for the full project specification). 
Research into the areas of electric vehicle chargers highlighted that there are no standards 
associated with the control or regulation for charging PEVs in Australia. Currently, restrictions 
are in place for PEV charger sizes in Queensland as detailed by (Ergon & Energex 2018). OCPP 
was identified as a suitable charger communications protocol for the dissertation as it 
provided smart charging capabilities from versions 1.6+, was utilised by a large number of 
manufacturers and was open source. Due to simulations issues OCPP integration was not 
implemented into the Controller, details on the requirements for implementation are 
provided. 
The literature review conducted highlighted issues surrounding energy loads within Australia, 
with reduced day time demands due to renewable injection causing large ramping rates 
during peak times, as seen in Figure 2-1. It was also identified that PEVs can provide large 
energy sinks for energy networks for no infrastructure cost. A possible solution exists where 
large uptake in PEVs could aid Australia in further opening the renewables market by 
providing additional day time loads where it is currently needed most. Additionally, this would 
aid Australia in moving away from fossil fuels, unfortunately PEV uptake in Australia is 
extremely low. Although PEVs have the potential to provide benefits to electrical networks 
where charging is regulated, unregulated charging has the potential to cripple them. Several 
retails across Australia have started pilot programs trailing PEV regulated charging. As (AGL 
2018) state, care needs to be taken with time of use approaches as large peaks can be 
produced after normal peak times. 
Review of real-world data obtained from PEV users in South East Queensland identified that 
all were utilising specialised equipment to maximise renewable source charging for their 
PEVs. The obtained data did not represent real-world users, and models were created linking 
(CSIRO 2013; Australian Bureau of Statistics 2018; Australian Government 2019a) data. 
An IoT Controller specifically for Queensland was developed for the dissertation. The 
Controller utilises AEMO 5-minute spot pricing and simulated demand responses (currently 
demand response is not applied to PEV chargers in Queensland) to throttle charging outputs 
based on network conditions. The Controller also looks at the time available for charging and 
the energy requirements for the PEV to spread the load across the charging period to reduce 
peak loads. A UI accompanies the Controller and is accessed via a web browser to provide 
users with details of the connected PEV charge, charger output, network conditions, warnings 
and user options. Solar only charging was incorporated, issues were identified with the 
implementation and additional work is required to rectify, refer to section 3.4.7 and 5.3. 
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It was intended to feed into the Controller the modelled data in CSV format and utilise 
historical AEMO data so that large data sets can be input and reviewed rapidly. Unfortunately, 
CSV file input for the Controller did not function as intended. Instead real-time testing was 
conducted to obtain results, these were restricted to overnight tests only. 
The results obtained from simulating the Controller utilising the developed models showed 
promising results, up to 470% peak load sheading was observed and 100% user satisfaction, 
i.e. 100% car charge. Maximum loads of the charger were less than 2 kW, this highlights the 
fact that large 7.5kW chargers were not required for residential users charging overnight. The 
results from unregulated charging where two 7.5kW operate simultaneously overnight can 
create peaks where 77 A draws are a possibility which approaches the limitation for 
household electrical network supplies. 
Peak load sheading by the developed Controller provides only a partial solution to the 
problems identified within the Australian electrical network. Firstly, additional loads were still 
observed at peak time in direct relation to the PEV charger, this could be rectified by 
optimising the Controller (refer section 5.3). Compounding this additional load with tens of 
thousands of vehicles could provide problems for the connected electrical network. The 
dissertation also assumed that PEV user would change current methods for refuelling 
vehicles, PEV would be refuelled daily, not when approaching empty. 
Secondly, to provide additional loads on the network when needed from PEVs, charging 
during daylight hours is required. From the outcomes of this dissertation PEV charging outside 
of daylight hours should be highly regulated, model data shows residential electrical loads 
increases by approximately 50% due to PEV charging. To promote charging during required 
times by electrical network operators’ incentives should be provided to PEV users, i.e. free 
workplace and public parking area charging points. Careful consideration is need for 




5.2 Project Research Contribution 
 
The dissertation provides details on IoT integration with PEV chargers to provide smart 
charging capabilities. Information regarding a widely utilised PEV charger protocol, OCPP 
was researched and the requirement for implementing PEV smart charging within a 
controller is documented within section 3.4.3. 
Results from the Controller’s real-world data testing showed promising results utilising 
simple control strategies. The Controller provides a development platform for additional 
research into more advanced control strategies to be designed and implemented for PEV 
charging. This will in turn increase network efficiencies by providing load smoothing 
capabilities. 
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The project also provides a PEV charging model for which can be simulated against multiple 
simultaneous PEV users. This will provide a greater understanding into the impacts of 
regulated vs unregulated PEV charging in realistic scenarios. 
 
 
5.3 Future Work 
 
There is a range of work required to produce an optimal PEV charger controller to increase 
network efficiency. The research and work conducted in this dissertation are the first steps to 
a solution. The developed Controller was designed against one of the many charger 
communication protocols, OCPP. As previously stated OCPP was not implemented within the 
Controller, additional work is required to produce simulators so that the Controller to charger 
communications can be correctly tested within the development platform, Node-red. 
Protocols such as Tesla are not open source and require additional research and development 
for implementation. Alternatively, network operators such as AEMO have the potential to 
push standardisation in Australian for PEV charger regulation and a possible solution is to 
mandate a standard PEV charger protocol. 
Energy meter integration within the controller provided a hunting scenario and further 
development is required. Section 3.4.7 details a possible solution utilising a separate function 
node for energy meter calculations, with input from the energy meter, feedback from the 
Controller’s multiple source decision and a PID loop. 
The control strategy applied to the AEMO data was simplified to linear interpolation across a 
range of setpoints based on historical averages. PEV loads were observed during the electrical 
network peak times and therefore further optimisation of the control strategy is required. A 
possible solution would be to explore 2D mapping where time verses the AMEO pricing is 
mapped across a range of points. Alternatively, there a range of other advanced control 
strategies which could be implemented. Consideration needs to be given to the limitation of 
IoT processor architecture where high computation control strategies are implemented. 
To gain a better understand of PEVs on the Queensland electrical network additional 
simulations are required. A starting point would be to utilise results obtained from section 4.2 
and upscaling, to represent a large fleet of PEVs. The additional energy requirements could 
then be correlated to represent what is expected to occur with the AMEO wholesale pricing 
during certain times. The results will also provide valuable data for optimising the control 
strategy for smoothing the load within the network. 
Further development to interconnect the Controller to the user is required. Currently the UI 
is accessed via a web browser and the user can connect while within the Controller connected 
network or via a VPN. Push notifications are not currently implemented. Integration with the 
Controller to a smart phone application would provide users with push notifications and easily 
accessible information wherever they may be. 
From the research conducted vehicle to grid (V2G) or PEV charger bi-directional energy flow 
technology is starting to gain momentum. This technology and service has the potential to 
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eliminate the issues identified with the electricity network in section 2.1 where implemented 
correctly. Additional work should be conducted to develop functionality for vehicle to gird 
capabilities within the Controller. Issues surround OCPP are apparent as V2G was not 
mentioned within the documentation and currently unknown what protocol if any support 
this technology. 
Currently the Controller analyses the connected electrical network by utilising AEMO pricing 
data to produce a control strategy. Integration with the electrical network’s IoT sensors and 
providing network operators with input into the Controller is the next logical step for future 
development. Automatic geolocation identification and setup would provide the Controller 
with additional tools to provide a control strategy based on the locally connected electrical 
network. The additional connected sensors will ensures overloading of asserts is avoided 
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    Modelling Data 
Refer to the attached document “PEV_modelling_data.xlsm” within the PDF. 
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var UserTime = msToTime(flow.get('UserTime')); 
var PEVCharge = flow.get('VehicleCharge'); 
var Creqn = flow.get('Creqn'); 
var Crmax = flow.get('Crmax'); 
var AEMOPrice = global.get('QLDAEMO'); 
var ChargeWarn = flow.get('ChargeWarn') 
msgCSV.payload[0] = {Timestamp, AEMOPrice, AEMOCr, DR, EM, OptSolar, OptOverride, 
UserTime, Crmax, Creqn, Crate, PEVCharge,ChargeWarn} 
return msgCSV; 
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    Node-Red Control System Flow Export 
Refer to the attached document “Control_System_Export.json” within the PDF. 
